This study was conducted to investigate the effects of probiotic and/or prebiotic supplementation on growth performance and serum IgG concentrations in broilers. One thousand two hundred one-day old Ross-308 broiler chicks of mixed sex were randomly divided into four treatment groups of 300 birds each. The treatments were: Starter diets: 1) Unsupplemented control diet; 2) Probiotic (Bio-Plus 2B ® 0.05%); 3) Prebiotic (Bio-Mos ® 0.2%); 4) Probiotic and Prebiotic mixture (Bio-Plus 2B ® 0.05% and Bio-Mos ® 0.2%). The grower diets were: 1) Control with no supplements; 2) Probiotic (Bio-Plus 2B ® 0.05%); 3) Prebiotic (Bio-Mos ® 0.1%); 4) Probiotic and Prebiotic mixture (Bio-Plus 2B ® 0.05% and Bio-Mos ® 0.1%). Each treatment group was further sub-divided into five replicates of 60 birds per replicate. The chicks were fed the broiler starter diet for the first 21 d and the broiler grower diet between days 22 and 42. Dietary probiotic and/or prebiotic supplementation did not significantly affect body weight, body weight gain, feed intake, carcass weight, carcass yield or concentration of immunoglobulin (IgG) in the serum. However, feed conversion ratio was improved significantly in the supplemented treatments compared to the unsupplemented control. Probiotic and/or prebiotic supplementation did not significantly affect any of the examined parameters except for an improved feed conversion ratio. ___________________________________________________________________________________
Introduction
Worldwide, antibiotics have been used for decades in animal production. At low levels of inclusion in diets antibiotics have proven to enhance growth performance in farm animals. However, due to the emergence of microbes resistant to antibiotics used to treat infections in humans and animals, the Europe Union Commission decided to phase out and ultimately ban the marketing and including of antibiotics as growth promoters in animal diets. This ban became effective on January 1, 2006 (Europe Union Commission, 2005) . Consequently the focus in research has switched to feed additives as alternatives to antibiotics in poultry diets, apparently primarily to ensure gut health. Several possible mechanisms have been suggested such as altering of the gut pH, maintaining protective gut mucins, selecting beneficial intestinal organisms or ones antagonistic to pathogens, enhancing fermentation acids, enhancing nutrient uptake or increasing the humoral immune response (Inboor et al., 2000) . These alternative feed additives include products such as enzymes, herbal products, microflora enhancers, immunomodulators, organic acids, probiotics, prebiotics or combinations of these products.
Under certain conditions probiotics alter the intestinal microbiota and immune system to reduce colonization by pathogens (Patterson & Burkholder, 2003) . Numerous studies in humans and animals have been conducted to assess the ability of probiotics to change the type and number of the microflora in the digestive tract (Walker & Duffy, 1998; Gibson & Fuller, 2000) . Some investigations on probiotics and organic acids with broiler chicks indicated positive responses to dietary supplementation (Mohan et Midilli & Tuncer, 2001 ). In addition, Yeo & Kim (1997) observed significant improvements in daily body weight gain and feed intake in broiler chicks receiving probiotics. Another method that may be used to manipulate the gut ecosystem is the supplementation of the diet with small fragments of carbohydrates. These carbohydrates, known as prebiotics, are also alternatives to antibiotics in the diet. Ammerman et al. (1989) reported that broilers receiving a diet supplemented with 0.375% oligofructose produced heavier birds at 47 days and improved percentage carcass and breast weights while the percentage fat pad was lower than in the unsupplemented group. Probiotics and prebiotics may enhance health by stimulating antibody production (Savage et al., 1996) . Limited studies have been conducted to determine the effects of probiotics and prebiotics on serum immunoglobulin (IgG) concentrations (Çetin et al., 2005; Haghighi et al., 2006) . Furthermore, where different species of birds were used, conflicting results on serum IgG concentrations have been observed.
All animals reared under commercial field conditions are subjected to immunological stress, especially in the early stages of life. This depends on the pathogen load in their environment. When the microorganism load in the gut is unbalanced, beneficial results could be achieved through the use of dietary probiotics and/or prebiotics. Due to the ban on the use of antibiotics as growth promoters in poultry diets investigations evaluating the potential of dietary probiotics and/or prebiotics as substitutes for antibiotics should receive high priority. This experiment was carried out to determine possible effects of dietary probiotics and/or prebiotics as growth promoters on broiler performance and their serum IgG concentrations.
Materials and Methods
One thousand two hundred one-day old broiler chicks were obtained from a commercial hatchery, weighed and randomly allocated to four experimental groups of 300 birds per group. The experimental design consisted of four dietary treatments: 1) unsupplemented control diet; 2) a probiotic containing 2.3x10 8 CFU/g Bacillus licheniformis and 2.3x10 8 CFU/g Bacillus subtilis spores in equal rates, at a level of 0.5 g/kg from days 1 to 42 (Bio-Plus 2B®, Chr. Hansen A/S, Horsholm, Denmark); 3) a prebiotic at a level of 2 g/kg from days 1 to 21 and 1 g/kg from days 22 to 42 (Bio-Mos®; a mannanoligosaccharide derived from the cell walls of the yeast Saccharomyces cerevisiae, Alltech, Nicholasville, KY, USA); 4) a combination of the probiotic and prebiotic at the same levels as given above. The commercial probiotics and prebiotics were used according to the manufacturers' instructions.
Each group was divided into five replicates of 60 birds per replicate. For the experimental period of six week the birds in each replicate were placed into a pen with a floor area of 3 m x 3 m and a height of 120 cm. Wood shavings were used as bedding material on the concrete floor and each pen contained a single feeder and drinker. The broiler starter and grower diets were based on maize and soyabean meal. The chicks were fed a broiler starter diet from days 1 to 21 and a broiler grower diet from days 22 to 42. The composition of the experimental diets is shown in Table 1 . Nutrient levels of the diets for broilers were based on the NRC (1994) recommendations on nutrient requirements of broiler chickens. All chicks had free access to feed and water. Brooder lamps provided supplemental heat in each pen and house temperature was set at 34 °C for the first 5 d and then gradually reduced according to normal management practices, until a temperature of 23 °C was reached. A photoperiod of 23 h light and 1 h dark was used.
Performance data were recorded weekly in the periods from 1 to 42 days of age. Feed intake was determined for each repetition as the difference between the amount of feed supplied and the remaining feed at the end of each experimental period. Body weight and body weight gain were calculated as the difference between the final and initial bird weights. Feed conversion ratio was calculated as the ratio between feed intake and body weight gain during each phase of the experimental period. Feed was removed from each pen 12 h prior to processing. Ten male broilers per group (two birds per replicate) were selected and individually weighed just prior to slaughter at the end of the experiment. These selected birds were slaughtered and used for determination of carcass weight and carcass yield without feet, head and neck. At the beginning of the study, 40 one-day old broiler chicks were killed and the blood samples were collected to determine serum IgG concentrations of the chicks at the onset of the study. Blood samples of two chicks randomly selected from each pen, were collected at 42 days for determination of serum IgG concentrations. The method used in © South African Society for Animal Science ELISA was the combination of methods as described previously (Erhard et al., 1992; Li et al., 2000) . In the present study the suitable serum dilution was found to be 1: 200. The most suitable monoclonal antibody dilution for coating the plates was found to be 5 µg/mL. The linearity of the standard IgG was calculated using Excel, and found to be R 2 = 0.98. All data were analyzed by ANOVA using SPSS Inc. (1999) program. Significant differences among treatments were determined using the Duncan's multiple range test with a 5% level of probability.
Results and Discussion
For the past decades antibiotic growth promoters have been included as a standard practice in poultry diets worldwide at sub-therapeutic concentrations because of their positive effects on body weight, body weight gain and feed conversion ratio. The present study was carried out to evaluate the effect of a probiotic and/or a prebiotic on the growth performance and serum IgG concentrations of broilers. Strategic use of these alternative compounds should assist in optimizing growth provided they are used in such a way that their modes of action can complement one another. Body weight, body weight gain, feed intake, feed conversion ratio, carcass weight and carcass yield of broilers from days 1 to 42 are presented in Table 2 . Body weight and body weight gain of the broilers were not significantly influenced by probiotic and/or prebiotic supplementation. This is in agreement with research in which it was found that body weight and body weight gain in broilers were not affected by the supplementation of probiotics (Alp et al., 1993) or prebiotics (Waldroup et al., 2003) . However, other researchers have previously demonstrated significant increases in body weight gain in broilers receiving diets supplemented with probiotics (Midilli & Tuncer, 2001 ) and prebiotics (Piray et al., 2007) .
The improvement in feed intake by dietary probiotic and prebiotic supplementation often resulted in improved growth performance. However, in the present study, using the specific additives, no differences were observed in feed intake and consequently in body weight and body weight gain between treatments. Similar results for probiotics were reported by Gohain & Sapcota (1998) and for prebiotics by Sims & Sefton (1999) . However, in a series of experiments dietary probiotics (Safalaoh, 2006) and prebiotics (Sanchez & Ayaya, 1998) have been shown to increase feed intake. At 6 wk of age the additives led to significant changes (P <0.05) in the feed conversion ratio (kg feed/kg gain) of broilers compared with the control. Improvements in feed conversion ratios of 3.19, 2.66 and 4.26 percent, respectively, were recorded in the probiotic, prebiotic and probiotic plus prebiotic treatments, compared to the control. This is in agreement with the findings of Sahane et al. (2001) and Pelicia et al. (2004) who suggested this improvement might be due to a better ileal digestibility of nutrients. Dietary treatments did not cause any significant effect on carcass weight and carcass yield. Non-significant changes for carcass traits observed in our study have been reported previously in experiments with probiotics (Khan et al., 1992) and prebiotics (Öztürk & Yıldırım, 2005) .
It is clear from the present study and published research that responses to probiotic and prebiotic supplementation are inconsistent. This led to numerous investigations on possible factors that could influence the responses to these additives. In general these additives have proved most effective under conditions of stress, possibly the presence of unfavourable organisms, extremes in ambient temperature, diseases, crowding and poor management. In commercial broiler production one or more of these conditions are invariably present. Further possible causes of variations in response to probiotic and/or prebiotic supplementation in broilers could be differences between strains, hybrids, age, sex, plane of nutrition, nutrient composition of the diet, microbial population of gastrointestinal tract, levels of inclusion of probiotics and prebiotics in the diet, duration of supplementation or other environmental conditions.
The effects of the probiotic and/or prebiotic on serum IgG concentrations of broilers are given in Table 3 . The difference in IgG concentrations between the control and experimental groups was not significant (P >0.05). These results are in agreement with the results of other studies in which probiotics (Huang et al., 2004) or prebiotics (Franklin et al., 2002) were used in different animal species. However, the present results differ in their response to supplementation studies using a probiotic (Çetin et al., 2005) or a prebiotic (Savage et al., 1996) . A possible explanation for the differences between findings of different investigators may be related to the doses of probiotic and prebiotic applied, animal species and study population (e.g. in age, weight or breed), strains of microorganism used and composition of diets. 
Conclusion
This study provides evidence that the administration of probiotics and/or prebiotics to broiler diets did not cause any significant changes on broiler performance with the exception of feed conversion ratio. Serological data from the present study also showed the ineffectiveness of additive supplementation on systemic IgG. Although non-significant results were observed for the examined parameters, further studies are needed to understand the effects of these additives and to clarify the effect on immune response of broilers. More comprehensive experimental designs examining performance and humoral immunities especially IgG, dose-related effects of age and/or strain-host interactions, should be conducted.
